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Abstract 
Sewage condenser is the critical component which affects the performance of the direct sewage source heat pump unit. The 
sewage directly flows into the condenser and transfers heat with the refrigerant. The performance of sewage condenser is 
different from the general water source heat pump units because of the characteristic of sewage. This paper developed a 
theoretical model with distribution parameters based on some reasonable simplification, and this model was applied to predict the
performance of some sewage condenser and the effects of different tubes and pass arrangements on condenser performance were 
analyzed. The results show that there is little effect on the sewage condenser performance with different pass arrangement. The
condenser heat exchange increases linearly with the rise of sewage inlet temperature when the sewage flux and refrigerant inlet
conditions are fixed. The condenser heat exchange and flow resistance increase with the sewage flux raises when the sewage inlet
temperature and refrigerant inlet conditions are constant. In addition, the change extent of heat exchange is similar with that of 
the flux change. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CCHVAC 2015. 
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1.INTRODUCTION
In the sewage condenser, sewage flows in the tube, refrigerant condensation heat release out-side of tube 
bundle[Deng et al.2006].The shell of condensation heat transfer mechanism is complex, both home and abroad are  
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 on the outside of the horizontal tube refrigerant vapor condensation enhancement to the experimental research, 
making  all kinds of test tube to comprehensive evaluation on heat transfer performance. To improve its 
performance, some scholars will focus on increasing the heat transfer coefficient, increasing the heat transfer area 
[Luo et al. 2015], some scholars found that changing the flow process can improve the con-denser performance [Sun 
et al. 2014]. Because of the particularity  quality of untreated sew-age, the condenser is composed of smooth inner 
wall heat pipe, sewage side without any  heat transfer enhancement measures, only by increasing the number  of 
tube to improve the sewage side velocity  to enhance the heat exchanging effect of the condenser. This paper is on 
sewage condenser along the axial direction and the tube direction to establish two-dimensional grid unit,  used  
distribution parameters to calculate the thermal,  horizontally and the upper and lower arrangement of four flow tube 
of wastewater of condense (sewage import and export is upper lower, lower upper) to simulate and analysis .  
2. Mathematical Modeling of sewage condenser 
2.1 Model Overview 
In sewage condenser, the sewage flows in the heat exchange tube, refrigerant is condensed and cooled out of  
tubes . Because of the particularity of sewage heat, in order to ensure the effect of heat transfer, multi-process design 
method must be adopted  (the general design di-vided into 4 tube) [Zhuang 2012]. After the sewage source heat 
pump operates normally in summer, the super-heated refrigerant is cooled to the saturated liquid state by the sewage 
and then left  the condenser. According to the state of  refrigerant it can be divided into two phas-es: overheating and 
two-phase. And it is the same as sewage flooded evaporator [Zhuang and Pang 2013], temperature of sewage in the 
heat exchanger along the axial direction changes, the temperature of refrigerant along the tube row direction changes. 
Aiming at the sewage heat exchanger tube condenser will be along the axial direction and the tube row up a two-
dimensional grid unit, the establishment of the flow and heat transfer model of every unit, the  heat transfer 
performance of the heat exchanger is calculated and analyzed. 
2.2 The Establishment of Unit Model 
The graph is grid condenser schematic diagram of sewage. Along the axial direction a process is divided into   
grid, to heat exchanger haven  process and a horizontal arrangement, the number of  grid in total length direction is . 
Along the tube row direction is divided into   grid. Therefore, there is   process and horizontal layout exchanger ,for 
number of total grid is  . Figure 4  indicate the heat exchange tube axial and tube row direction grid number. 
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Fig.1 Grid distribution of sewage condenser 
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2.3 Heat transfer equation within the unit  
For any element of sewage condenser model, it can build the following equations:
The sewage side flow and heat transfer equation: 
, , ,( )ij w we pw w out w inQ m c t t                                                                                                                                        (1) 
Refrigerant side flow and heat transfer equation: 
, 1 2( )ij r rQ m h h                                                                                                                                       (2) 
The two-phase refrigerant side heat transfer equation in the region and the sewage side: 
, ,( ) ( )ij wc pw w r in w inQ m c t tH                                                                                                                                   (3) 
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Heat transfer equation of superheated refrigerant side area and the sewage side: 
ij sh shQ K A t '                                                                                                                                              (6) 
Balance equation of inside and outside the tube: 
, ,ij w ij r ijQ Q Q                                                                                                                                                   (7) 
In formula (5), total heat transfer coefficient of two-phase region unit[Zhuang 2012]: 
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In formula (6), total heat transfer coefficient of element in the overheated zone: 
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For the formula(8)~(9), the sewage coefficient of heat transfer: 
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Fouling resistance within the tube: 
0.22 59.67 10f wR u
  u                                                                                                                                      (13) 
The refrigerant in the overheated zone flow and heat transfer for the external heat transfer of tube banks, using the 
formula to calculate the coefficient of heat transfer[Danilova G. 1986]: 
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The refrigerant is condensed in a condenser of the two-phase region to heat transfer, the heat transfer coefficient  
of first row tube condensation: 
3 2
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                                                                                                                       (15) 
The heat transfer coefficient of n row tube condensation [Ma et al. 2010]: 
5/6 5/6
, , 1[ ( 1) ]r tpn r tph h n n                                                                                                                               (16)
In the formulaˈ as the heat load of unit, w;  as the mass flow of unit in the sewage pipe,  ;  as the mass flow 
within the unit of the refrigerant,  ;  -the specific heat capacity of sewage pipeˈ ć;  , , as the inlet and outlet 
temperature of unit sewage and entrance temperature of outside tube refrigerant,ć;  as the unit heat exchanger 
efficiency;  as the number of heat transfer units;  as the heat exchanger area of unit tube  based on outer diameter of 
the tube envelope,  ;  as the heat transfer temperature difference in the overheated zone of each unit, ć.By
computing the average temperature dif-ference to calculate: 
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2.4 Two-phase pressure drop within the unit 
The two-phase pressure drop of sewage condenser is the same as calculation method of sew-age 
evaporator[Zhuang and Pang 2013]. 
3. SIMULATION RESULTS AND ANALYSIS OF SEWAGE CONDENSER
3.1 Simulation Conditions 
The structure parameters of sewage flooded evaporator is shown in table 1. The  number of axial grid is 5, 
number of  grid  in tube row direction  is equal to the number of tube rows is 10, this grid accuracy can meet the 
accuracy requirements[Wu and Sun 2007], the total required calculated unit in horizontal structure consists of 200, 
upper and lower structure layout is 50. 
Tab.1 Geometrical parameters of sewage condenser
Outer surface parameters Inner surface parameters 
Outer          
diameter/mm 
Fin height/mm 
Fin  number 
/m-1
Inside       
diameter/mm 
Fin height/mm
The internal surface 
area˄m2/m˅
Wall     
thickness/mm 
19.05 0.62 1575 16.54 - - 0.635 
Pipe tube length/m Tube number The heat exchange area/m2
Tube  
center distance/mm 
Number of tube 
passes
Admiralty brass 3.55 116 24.62 28.58 4
3.2The Simulation Calculation Results and Analysis 
The temperature of sewage inlet is 20ć, Sewage flow is 40 3m /h , entrance pressure of refrigerant is 1191.9 kPa, 
the refrigerant's temperature is 40ć, entrance enthalpy is 423.16 kJ/kgǄ
3.2.1 The parameters of the distribution characteristics in the sewage condenser 
Sewage condenser simulation results is shown in table 2. we know that: 
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(1) The influence of different process layout performance on sewage condenser is also small, the heat transfer 
coefficient of the condenser has little changes, the same reason is to sewage evaporator, heat resistance is also 
concentrated on the sewage side; three kinds of form, the difference  flow of refrigerant condenser is very small; 
(2) All kinds of pressure drop in the condenser, gravitational pressure drop is still the largest, outlet refrigerant 
pressure increasing the maximum is 0.387kPa, compared with the inlet pressure, the change is very little, the effect 
of pressure drop can be ignored. 
Tab.2 Predictions for the sewage condenser with different tube rows arrangement 
Q
kW 
K
W/(m2·K) 
rm
(
/kg s
)
fp'
pa
ap'
pa
gp'
pa
p'
pa
Horizontal  
arrangement 
318.2 2470.3 1.834 11.3 37.6 426.3 387.4 
Lower 
upper 
323.4 2471.1 1.864 12.6 40.2 433.4 380.6 The upper  
and lower 
arrangement Upper 
lower
309.8 2464.2 1.786 2.9 43.9 443.7 386.9 
Fig. 2 shows the outside of the tube refrigerant heat transfer coefficient with variation of tube row height. The 
figure shows little difference, the coefficient of heat transfer of three forms of each tube exclusive, three forms of the 
first two row tube refrigerant are in the overheated zone, heat transfer coefficient is very small, approximately 
300W/ (m2.K); the third row tube at the beginning of a two-phase region, the refrigerant in the tube outside 
condensation heat transfer, the heat transfer coefficient of about 12900W/ (m2. K) or so, starting from the third row 
tube, condensation heat transfer coefficient decreased. By the analysis of graph, process layout for heat pipe and 
sewage import and export position have little effect on the condenser performance. Below are calculated according 
to the process of horizontal arrangement of its performance analysis. 
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Fig.2 Variation of refrigerant heat transfer coefficients with row of tubes 
3.2.2 Effect of sewage parameters on the condenser performance 
(1) Effects of inlet temperature changes of sewage, assume that the sewage flow and the refrigerant inlet condition 
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unchanged, When the sewage inlet temperature changes between 18 ć to 22 ć condenser performance changesǄ
Fig.3 shows the condenser heat change with the different sewage inlet temperature. The figure shows, with 
sewage inlet temperature increases the heat transfer of the condenser decreases nearly linear, analysis of the causes is 
because the refrigerant side pressure changes little in condenser. The refrigerant leave as the saturated liquid state 
when the refrigerant inlet pressure keeps a constant value, the condenser heat transfer is proportional to condensation 
quantity of refrigerant and the higher temperature of sewage, the less temperature difference of heat transfer between 
refrigerant and sewage, the worse effect of itǄ
Fig.4 shows the change of sewage in different inlet temperature with each flow path water temperature in the 
condenser changing. By the chart shows, each flow path water outlet temperature corresponding increase with the 
increase of water inlet temperature. The higher the water inlet temperature, the smaller the temperature change in 
each flow path. The water outlet temperature of the evaporator is 27.03 ć when the water inlet temperature is 18 
ć.While the inlet temperature to 20 ć, water outlet temperature is 27.53 ć, inlet temperature is up to 22 ć, water 
outlet temperature is 28.02 ć.
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Fig.3 Variation heat exchange quantity of condenser with different inlet sewage temperature 
(2) Effect of sewage flow changes. 
Assume that sewage temperature remains 20 ć while refrigerant inlet status remains the same, the condenser 
performance changes when sewage flow is respectively 30, 35, 40, 45 and 50. 
Fig.5 shows the effect of condenser heat transfer and sewage flow resistance in different sewage flow. The figure 
shows that with the increase of water flow, heat transfer and flow resistance of the condenser are increasing. The 
greater the flow, the larger the magnitude of the increase in heat transfer. The main reason for the sewage flow 
increases is that the heat transfer coefficient of water increases in sewage side of tube while reducing fouling 
resistance and heat transfer coefficient increases. Sewage flow is 40,the heat is 318.2kW and flow resistance is 
5.09mH2O; when the flow rate increases to 50, the heat exchange is 397.5kW and the flow resistance is up to 
7.61mH2O.
Figure 6 shows the changes in water temperature along the different sewage flow. The figure shows, the more the 
sewage flow, the lower the water outlet temperature of each flow path but change in value is quite little. It can 
clearly be seen that water outlet temperature varies with changes in flow is unobvious. The main reason is heat 
transfer coefficient and flow changes play a leading role in the change of heat transfer. 
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Fig.4 Variation temperature along the flow path with different inlet sewage temperature 
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Fig.5 Variation heat exchange quantity and flow resistance of condenser with different sewage flow 
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Fig.6 Variation temperature along the flow path with different sewage flow 
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3 CONCLUSION 
The structure characteristics of the sewage of the condenser and heat transfer characteristics will directly affect the 
overall performance of direct sewage source heat pump system. This paper establishes  the distributed parameters 
model of sewage condenser, and worked out the corresponding design procedure and simulation program, through 
the numerical simulation, obtained the following conclusions: 
(1) The heat exchange pipe sewage side is light pipe, no enhanced measures, but the increased flow can not only 
enhance the convective heat transfer coefficient, but also can inhibit the fouling resistance stability value. By 
increasing the flow rate and improving the heat can increase the number of flow sewage. Sewage in the condenser is 
4 appropriate. 
(2) Simulation results of the sewage of the condenser show that , layout of sewage flow, sewage import and export 
arrangement affection to heat transfer of the condenser is very small. 
(3) The simulation results also show that, changing of sewage flow  has a great influence on the sewage 
condenser's heat transfer, analyzing its reason is  the sewage flow has important influence on the sewage side 
convection thermal resistance and dirt resistance. 
(4) The heat transfer coefficient is small in sewage condenser overheated zone, overheated zone area proportion is 
large, have the influence on heat exchanger performance significantly. This is detrimental to the design of the 
sewage condenser, which shows that the condenser design of direct sewage source heat pump system should try to 
increase the heat transfer coefficient in overheated zone or reducing superheat. 
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